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Exploration of the template DNA sequence suitable for the E.coli-based reconstituted cell-free protein synthesis system (PUREfrex®)

O Takashi Kanamori, Tomoe Fuse-Murakami, Rena Matsumoto (GeneFrontier Corp.)

Abstract 1. PUREfrex®; based on the PURE system technology

PUREfrex®ld. KEEE TOY VN VEERICLERAFZRRUOEEUIcBERREEMRY V/\VEE/R (PURE system)T

® j . < Example of protein synthesis >
5%, RISROBRICED  BATIMg/mLU L OBREYEEZZENTRICE>TNS R RIGRORELHTHL . HE PURE;rex® is based on the PURE system

The PURE system is a reconstituted cell-free protein synthesis system, which consists of =

DNARIINEERVOBRICSEZZEZEICDOVWTHIRTZED TWD,AREKKTIE. HFRDNADORFES'UTRICBALT. ZNEXTICE . L : . e
only purified factors necessary for transcription, translation and energy regeneration. i i 5 s i 2 e

SNicHlBERET 2. 283 5'UTRPORFOIEERIEEX e S £ FHRPCREMZ AR L. PUREfrex COBRRISE(T L. Z
DEREZLLRIT DA ETIToI PURE frex"

AHICORFOARVICDODWTIRET UTco ORFEMEKICOWT,. RKIBEE CHEAEENROEVWIR YDA ZHERAUEEE S FEREEIC @ Ribosome  in; acids
BUTHEEO IRV EFEALLES0ARBENBUER WEEO IRV ERW LSS ICARBNE< BoTo £, BIHBIRY Y e .
BETD6~1073/BOIRYE ABE CEREENS VIRV EFERTZL0E ATEENB VIRV EFERT2EARENEL vantage )
oo ST NRIESSEBO ARV G MFP S /BOORVEZ X3 T TEREN 1 0E U LB T 2IEENBITEND N > Tz. RIT e Low level of contamination 1
S'UTRICOWTIRE U REEAULTWBS' UTRIE T77OF =5 — D TRICATLIL—T 58 AT-rich#8ik, URY — L& ES * Easy adjustment of the reagent composition
(SDEEF) £ AT\D, 2T S EBOEEPESARLE5 UTREM I UsFGFPEEFM S A U sfGFPD R LB E B L « PCR product usable as a temlplate DNA
Tc:o %@ﬁ%%\ Z?A)b—7’%EiEEIat5'IﬂU0)6iEE7b\T7 RNA polymeraseI:J:%EEO)?dJl.—KﬂSICLIZ\E’G‘&%Z<‘:\ SDEE@U Iij'_—t:_,%‘:ﬁ% : DHFR: Dihydrofolate reductase  a-Syn: o-Synuclein
GFP: Green Fluorescent Protein  bR: Bacteriorhodopsin
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2. Construct of template DNA for PUREfrex

5" UTR from T7 phage gene 10

T7 promoter Stemloop AT-rich SD  Spacer ORF
5"-GAAATTAATACGACTCACTATAGGGAGACCACAACGGTTTCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATACCAATGNNNNNNNNNNNNNNNNNN - - - - - - - - - - NNNTAANNNNNNNNNNNNNNN -3’

GGGAGA > 15 bases > 3 bases AT-rich codons, | 4-1
Required sequence (length) for (for transcription) (essential) (essential) not major codons

efficient transcription and translation

) ) ) ) | Multiple codons, not just major codons | ) )
—)p 3-2 = 3-3,3-4 => 3-1 No slippery sequence (X/XXY/YYZ) = 4-2,4-3

3. Effect of 5" UTR on the synthesis efficiency 4. Effect of ORF sequence on the synthesis efficiency

f PURE frex’2.1 (+GSH) : i PURE frex"2.1 (+GSH) : Codon usage frequency

¢ + sfGFP DNA with indicated 5’ UTR ¢ + DNA F,M,Y,H,QN,K,D,E, C,W| 65%| 50%| 35%| o%|

¥ incubation at 37°C for 4 h 4 incubation at 37°C for 4 h LLV,SPTARG  35% 25% 15% 0%

¢ measurement of fluorescence of sfGFP ¢ SDS-PAGE or measurement of fluorescence fmﬁzggEf\a:zce‘l'.autneifzz.':ocf V‘Illgr; 1U oS :g:i?m)atabase
\ J \ J

3-1.SD and Spacer 4-1. N-terminal codons

Trastuzumab Heavy chain (VH+CH1)

< The amount of product synthesized from < Relationship between protein synthesis and N-terminal sequence >
TATAATATACCA the template DNA with different N-terminal codon >
TAATATACCA . |

TAAGGAGGTGl  ATATACCA| [ ; <N-terminal codon of Trastuzumab HC > GC content mRNA secondary structure
TACCA | T ——— —— | | 7 4 l

[ Met | Glu | Val | GIn | Leu | Val |

CCA ' | [ATG [GAR | o1 [cAA [ TTA | Gt £ Tested clones: 56/384 clones o AT R*=0.82 "1 ®=-056 AT,
TATAATATACCA T | GAG | GTC | CAG | TTG | GTC ég 51 “%I:) 67 O 6 - °
TAATATACCA | | ) e % a- 3o ° £EI 5. e o 3
AAGGAG ATATACCA control = ZE 5 EN 4- s, Major ee
o = o 9 © ‘n N J
TACCA| | e TG T & 2< 5 ¢ 2
CCA| [ €% 2- 5% 5 -
& u“ oV
] &

GC AG i |
TATAATATACCA| [ | [Met | Glu | Val | Gin | Leu | Val | (%) (kcal/mol) ) ||||||||“||||||"""|l"ﬂlhuL

2 -
— | 1 — _
TAATATACCA f | AT |[ATG |GAA|GTA [cAA | TTA [ GTT| 28 0.0 0 AT Major GC 0 ! H :
AAG ATATACCA | ' ' Major [ATG [GAa]GTG [caG[cTa [6Ta| 56 -4.7 20 ' 0 T T T T T
TACCA | -' I A -8 6 -4 2 0

IEI GC |ATG |GAG |GTG |cAG| G [c1c | 61 -3.9 - GC content (%) (from +1 to +18 nt) AG (kcal/mol) (from -14 to +18 nt)
Yield: 0.6 mg/mL

| | | | [ [ | j ) i
0 20 40 60 80 100 120 140 ‘ AT-rich codons > Major codons @ 5’-terminus of ORF b
GFP Fluorescence (% of control)

4-2. Codons used in the entire ORF

CCA

« AAG (3 bases) was sufficient.

- The balance between the length of SD and spacer was important. sfGFP CLDN1
i < Number of each codon and N-terminal codons -3. Sli
< Alignment of tested sfGFP DNA sequnece > . 4-3. Ippery sequence
3-2. St | in the tested CLDN1 DNA >
. emoop M SKGETETLTFTGVVPTILVYVETLTDTGTDVNGHTEKTFSVR .
SFGFP_1  ATGAGTAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCCGT E. coli DHFR
sfGFP_2  ATGTCTAAGGGCGAAGAACTGTTTACGGGCGTTGTGCCGATCCTGGTGGAACTGGACGGTGATGTTAATGGTCATAAATTCAGCGTGCGE
Stemloop sfGFP_3  ATGTCTAAAGGTGAAGAATTATTTACTGGTGTTGTGCCGATCCTGGTCGAACTGGACGGTGATGTGAATGGGCATAAATTCTCGGTTCGG 5| e 5| e 5| e 5| e
koK, o kokck g kok Skokkokkok y 5k ksk g kok, kk Skkskskok, Skk . ko Skk, ok skskok, 3k 3kok, Skekokekokskoksk , kokskkok  skk, kokkokk . . w KK kK g "v_.‘ g ; g ; g ";
= = = = . .
GGGAGACCACAACGGTTTCCC control GEGEGDATNGKTLTLEKFTICTTGKLPVPWEPT.L — T Al o T 5 a0 3 < Slippery sequence in DHFR gene from
STGFP_1  GGAGAGGGTGAAGGTGATGCAACAAACGGAAAACTTACCCTTAAATTTATTTGCACTACTGGAAAACTACCTGTTCCATGGCCAACACTT .
GGGAGA STGFP_2  GGCGAAGGTGAAGGCGATGCGACCAATGGTAAACTGACGCTGAAGTTTATTTGCACCACGGGTAAACTGCCGGTCCCGTGGCCGACCCTG TTC1 0| 3 Wemgicc 0 | 2 TAC| 0| 4 JEeN 8 | 5 E. coligenome DNA >
GGG SfGFP_3  GGCGAAGGAGAGGGTGACGCAACTAACGGCAAACTTACCCTCAAGTTTATTTGTACCACAGGTAAACTGCCAGTCCCGTGGCCCACGCTG TTA| 0 | 4 TCA| 0 | 1 TAA| 0 | 0 [HUNTGA| 0 | 0
ok Kok, ok skok ok skok ok kok skok skok stolololok s skok ko ok skokokokokokokok u kokw kok stk skekokokok w skok stk stok s stolololok kok ok, TIG| 0 3 TCG| O 2 TAG| O 0 P TGG| 5 5
| | | | | VTTLTYGVQCFSRYPDHMEKTRHDTFETFTEKSAMEPE arjo |2 «cTio i CAT| 0 | 0 el 7 | 3
0 20 40 60 80 100 sfGFP_1  GTCACTACTTTAACTTATGGTGTTCAATGCTTTTCCCGTTATCCGGATCACATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGAA CTc| 0 | 2 B CCC] 0 | 1 CAC R . 0 | 4 370 380 390
GEP El (% of control) sfGFP_2  GTGACCACGCTGACGTATGGTGTTCAGTGTTTCAGTCGTTACCCGGATCATATGAAACGCCACGACTTTTTCAAGTCCGCAATGCCGGAA ca| o [ o cca| o | 2 cral o0 | 3 GA| 0 | 0 ACCCATTTCCCGGATTACGAGCCGGATGACTGG
uorescence (7o Of contro SfGFP_3  GTGACCACTTTGACCTACGGCGTACAGTGCTTCAGCCGCTATCCGGATCACATGAAACGTCATGATTTCTTCAAATCAGCGATGCCTGAA G| 22 | 11 el 10| 6 cacl o | 6 el o | o of T HFPDVYEGPTUDTOD W 180KD
kK, koK, kK, o K. Kk kK, ok, kK koK, koK kK, w e SRR ROk SkSkokskokokokok , Skkokskokskokk kok koK, kK, kokkokk . b 0 Kk Skokokkok Skkok ATT | 13 8 ACT 0 2 AAT 1 5 AGT 0 2 rame . a
-1 frame P F P G L R A G Stop 14.4 kDa
1 1 1 H inti G YVQERTTISTFIKDDGTYZKTRAEVEKTFTETGTDTTLV ATC| 0 | 5 ACC| 12 | 6 ARC| 3 | 2 AGC| 13 | 4
o Th
GGGAGAI which is reqUIrEd for efficient transcrlptlon by T7 RNA SFGFP_1  GGTTATGTACAGGAACGCACTATATCTTTCAAAGATGACGGGACCTACAAGACGCGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTT ATA| 0 | 0 | ' [Aca| 0 | 1 AAA| 7 | 6 AGA| 0 | 0
. sfGFP_2  GGTTATGTGCAAGAACGTACCATCTCATTTAAAGATGACGGCACCTACAAAACGCGCGCTGAAGTTAAATTCGAAGGTGATACCCTGGTC R acc Bl s . I I
olymerase, was sufficient. sfGFP_3  GGGTATGTTCAGGAACGCACGATTAGCTTTAAAGACGATGGCACCTACAAGACACGTGCCGAGGTGAAATTTGAAGGTGATACGTTAGTC
’ GTT GcT| o | 4 GAT
Sk, kokskoksk skok, kokkoksk, kok skk . w0 koK kekokskok, Skck . kok , skskokskokskokok , Skk . koK Skk . koK Kk kK, skok, Skekokekokskokskokskk , 4k kK, 0 4 6 4 GGT 0 6 .
arc| 0 | 3 |geccl o [ 6 Gac| o | 2 eec| 17 | 7 < SDS-PAGE of DHFR synthesized from each DNA
NRIETLEKSEGTIDTFTEKTETDTGNTITLGHTEKTLTETYNTFNSHN.YV Gtal o | 2 Gl 0 [ 5 GAA| 5 | 4 GGA| 0 | 2 .. T
STGFP_1  AATCGTATCGAGTTAAAAGGTATTGATTTTAAAGAAGATGGAAACATTCTCGGACACAAACTCGAGTACAACTTTAACTCACACAATGTA &el 15 | 6 acel 23 | 8 ol 1 GGGl o | 2 containing the indicated sequence >
. sfGFP_2  AACCGTATTGAACTGAAAGGCATCGATTTTAAGGAAGACGGTAATATTCTGGGCCATAAACTGGAATATAACTTCAATTCGCACAACGTT
3_3 AT_rlCh (Length) sfGFP_3  AATCGCATCGAACTGAAAGGCATTGACTTCAAAGAGGATGGAAACATCCTGGGTCATAAGCTGGAATATAACTTTAATTCTCACAACGTG
° Sk, koK, K3k koK, K SkRokROK , Skok g koK, Kok koK, Kok, SRk, koK kK, koK Kok, kR skok, Skk ko, Skk, Skok, Skokkoksk, Skok, Skk skokskoksk . kk 1 2 3 4 5 k
Da
Y I TADIKG QKNGTITKANTFTZKTIRIHNVYVETDGSVQLATD | Met | Ala [ Asn | Ala | Gly | Leu | GIn | Leu | Leu | Gly | Ifc kAIGI —1100
Stemloop AT-rich STGFP_1  TACATCACGGCAGACAAACAAAAGAATGGAATCAAAGCTAACTTCAAAATTCGCCACAACGTTGAAGATGGATCCGTTCAACTAGCAGAC (%) (kecal/mol) —_—————
STGFP_2  TACATCACCGCGGATAAACAGAAGAACGGTATTAAAGCCAATTTTAAGATCCGCCATAATGTGGAAGATGGCAGCGTTCAACTGGCAGAC Major |ATG|GcG|AAc|GcG|GGe|cTG [caG|cTG[cTG|GGe|  Major | 733  -66 — v — e " 75
sfGFP_3  TACATTACCGCTGACAAACAAAAGAATGGCATCAAAGCGAACTTCAAGATTCGTCATAATGTTGAAGATGGGTCCGTACAGCTTGCAGAT
TCTAGAAATAATTTTGTTTAACTTTAAG ContrOI sokokotok s skok 4 ok ok skofookok , Sotokotok s skok ok Sokokokok ok 4 ok ok s koK 4 ok ok Kok 4 ok SotokoRooRoRok 4w Skokok s Kok ok Sfokokokok Major_AT |ATG|GCA|AAT|GCA|GGA| TTA |CAG|CTG|CTG|GGC| Major | 53.3 -6.4 50
- -
q'
AATAATTTTGTTTAACTTTAAG HYQQNT®PTIGDGEPVLLPDNHYTLSTOQSVLSTKHD w3110_1 [ATG|GcT[AAT[GeA[GaT|[TTA [CAA[TTA[TTA[GeT| w310 | 333  -1.6 —_—— — ——
AATTTTGTTTAACTTTAAG |—|—_| STGFP_1  CATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACAACCATTACCTGTCGACACAATCTGTCCTTTCGAAAGAT &l 37
sfGFP_2  CACTATCAGCAAAATACCCCGATTGGTGATGGCCCGGTGCTGCTGCCGGACAATCATTACCTGAGCACGCAGTCTGTTCTGAGTAAAGAT W3110_2 [AT6|GcT[AAT|GeT[eaT|TTA [cAG]cTe[cT6[eee]| w3110 | 533  -7.5
GGGAGA TTTGTTTAACTTTAAG I—I-—I sfGFP_3  CACTATCAGCAAAACACTCCGATCGGTGACGGCCCAGTGCTCCTGCCGGATAATCATTACTTGAGTACCCAGTCGGTCTTAAGCAAAGAT -
GTTTAACTTTAAG M Sk, kokskoksk 4 Skokokokok 4 kK, ok, Skck g kok , Skok g kkokskok kk, kok 4 3k koK, Rk, Sk, kokkokkok Sk, b kR kok g okk, koK, Wk L w SRORROKRROK W3110_3 |ATG|GCT|AAT|GCA|GGT|1TA|CAG|CTG|CTG|GGC| w3110 | 53.3 _7.3 ;—_- ?_: t : e
PNEJKRDHMYVLLETFVTAAGTITTHGMDETLY K STOP T O S S woem
TTAACTTTAAG SfGFP_1  CCCAACGAAAAGCGTGACCACATGGTCCTTCTTGAGTTTGTAACTGCTGCTGGGATTACACATGGCATGGATGAGCTCTACAAATAA W3110_5 |ATG|GCG|AAC|GCG|GGc|cTG [caG|cTG[cTG[GGe| wsiio | 733 -6.6 e S e e e W 20
G sfGFP_2  CCGAACGAAAAGCGTGACCACATGGTCCTGCTGGAATTTGTTACGGCGGCTGGTATTACGCACGGTATGGACGAACTGTATAAGTAA .
sfGFP_3  CCGAACGAGAAACGCGACCACATGGTTCTGCTGGAATTTGTGACGGCCGCGGGTATTACCCATGGCATGGATGAACTGTATAAATAA i
0 20 40 60 80 100
GFP Fluorescence (% of control) o G e o
. o o * [ —
< Number of each codon in the tested sfGFP DNA > < Fluorescence of sfGFP synthesized < SDS-PAGE of synthesized CLDN1 DHFR* = 8% 115
« 15 bases and more was sufficient. from the indicated template DNA > from the indicated template DNA > o S e W
o -ri I I O O VU O <
AT-rich region was essential. T T T T Dy 34 s 6 o ona S8 83 2
S| % | % %% | % S| %5 | % S| 5| % - 75 1= - - - - =
[ 8|7 ] 6 Ter| 3 [ 2] 2 TAT| 4 [ 5 | 5 T6T| 0 | 1 [ 1 Lk kr
o Tc| 4 | 5|6 Tcc| 2 [ 1|1 TAC| 5 | 4 | 4 Tec| 2 [ 1 | 1 - 50 —w - O - O
- - s S
3 4. AT r|Ch (SequenCE) TA| 4 [0 | 3 PlTcal 1 |1 | 1 R ERE TGA| 0 [ 0 | O s 204 S ———
G| 0o | 0 | 2 G| 2 | 1] 2 TAG| 0 [0 0 66| 1 [ 1 [ 1 ‘w’ 37 e
. crr| 10| 0 | 2 cct| 2 [0 | 1 CAT| 4 | 5 | 6 cGT| 5 | 4 | 3 g
Stemloop AT-rich cic| 3 | o | 2 Becc| 2 | 0 | 1 CAC| 6 | 5 | 4 cGC| 2 | 4 | 4 g B
ro
caal 2 o | o ccal 5 [ o | 2 cAA| 6 | 3 | 2 GA| 0|0 o brt PR :
ITTGTTTAACTTTAAG control ctG| 1 |20 | 11 ccG| 1 |10 6 CAG| 1 | 4 | 5 CGG| 1 | 0 | 1 g 104 25 - The mutation in the Sllpperysequence
AAAAAAAAAAAAAAAG T E=— ATT| 7 | 6 | 6 ACT| 9 | 0 | 4 AAT| 5 | 8 | 6 AGT| 2 | 2 | 1 3 20 - reduced the by-products.
ATC| 3 [5 | 5 AcC| 3 | 9 | 8 AAC| 8 | 5 | 7 AGC| 0 | 3 | 3 o
GGGAGA | TTTTTTTTTTTTITTTG| | Thr o % - s o = CLDN1
|_|__| ATA| 1 | 0 | 0 AcA| 4 [0 | 2 AAA| 15 [ 12 | 15 AGAl 0 [0 | 0 o _
CCCCCccccccccecea ATG| 5 | 5 | 5 ACG| 2 | 9 | 4 AAG| 5 | 8 | 5 AGG| 0 | 0 | O ]
GGGGGGGGGGGGGGGE GIT| 8 [ 8 | 5 Ger| 4 | 2 | 1 GAT[ 12 [ 10 | 1 GeT| 7 [13] 9 g
Gre| 7 | 3 | 4 BESlGCC| 1| 1| 2 GAC| 6 | 8 | 7 GGC| 3 | 9 | 8 0 < 5k - N ™
I I I I I I GTA| 3 | 0 | 2 GA| 3 | 2 | 2 GAA| 11 | 16 | 12 GGA| 9 | 0 | 2 ?;\ Q} ?;‘5 Z 5 L o & o
S
0 20 40 60 80 100 G| 0 | 7 | 7 GeG| o | 3 | 3 GAG| 5 | 0 | 4 GGG| 3 | 0 | 3 (’;‘(3Q S“GQ S“GQ ~2 0 c e = =
- T M M mn m
GFP Fluorescence (% of control) s====

« A15 was as effective as the control, but T15 was less effective.
« In the case of C15 and G15, synthesis efficiency decreased significantly.

‘ Multiple codons = just major codons in entire ORF b

Conclusion

ORF

e AT-rich codons are preferable for the N-terminal codons.

5'UTR

« Not only SD sequence but also AT-rich region in 5’ UTR is « Multiple codons should be used for each amino acid in the entire ORF.
very important for efficient translation reaction. « A slippery sequence (X/XXY/YYZ) should be avoided to prevent ribosomal frameshifting.



